Abstract-The normal procedure for calibration of the moment readings of a VSM is to use a Ni sphere of known magnetic moment to determine the moment/volt of the VSM sensing coils as measured by a lockin amplifier. The assumption is that when an unknown sample is placed in the VSM the same moment/volt will be produced. If the sample is a thin film and is large compared to the size of the Ni sphere errors as large as 20% can be introduced into the measurement. The field from a uniform magnetized sphere is a dipole field. Large diameter thin films cannot be approximated as point dipoles. In this paper an approximation for a thin film is used to calculate the signal induced in the VSM coils. The approximation is to treat the thin film as an oblate spheroid. This approximation has the advantage that the sample can be uniformly magnetized and solutions for the external field can be simply expressed in oblate spheroidal harmonics.
I. INTRODUCTION IBRATING sample magnetometers (VSM) have traditionally been calibrated by using a small high purity nickel sphere as the sample. The magnetic moment of the sample at saturation is known from the mass of the sphere and the voltage induced in the coils of the VSM is measured. This gives a calibration constant of the VSM as so many 2 / Am V . The nickel sample is replaced by the sample to be measured and the calibration constant is used to convert voltage readings to a moment reading. Since the introduction of the VSM [1] , various authors [2] [3] [4] [5] have presented methods for calculating the voltage induced in different VSM coil configurations. These methods have predominantly used a point dipole approximation for the sample.
Current application of VSM measurements often requires the measurements of thin film samples with very small magnetizations. In order to increase the signals, the coils are often situated very close to the edges of the disk. In this case the approximation of a point dipole source is no longer valid. Ideally, the VSM should be calibrated with a known standard sample the same size and shape as the sample to be measured. The effect of a finite size sample is treated in this paper by the following procedure. First the magnetostatic problem for the sample geometry is solved. The thin film samples studied here will be approximated by an oblate spheroid. This geometry 
II. THEORY FOR FINITE SIZE SAMPLES

A. Voltage Induced in a Coil from a Vibrating Sample
A sample that has a magnetization ( , , ) M x y z r will produce a field external to the sample (assumed to be free
The H r field is calculated from:
Recall, for a uniformly magnetized sample, ( ) ( , , ( ))
The voltage induced in the coil will be:
We arrive at the well-known result that the signal induced in the coils of a VSM is proportional to the amplitude of vibration, the frequency of vibration and the gradient of the field from the sample in the direction of vibration. For the particular case of equation 3, the z integral can be easily solved: ( ) ( ) ( ) 2*( ( 2 ) ( 2 )) 10
Care must be taken in evaluating 
C. Results
The procedure described in the previous section shows that the voltage induced in the VSM coils depends not only on the magnetic moment of the sample, but also its size and how far it is from the coils (the working gap of the VSM). To show this the induced voltage is calculated for different size disk and different coil configurations. Two different coil configurations were used in the calculations. Table 1 summarizes these coil configurations. Three different size thin films were considered, 4 mm, 10mm and 18 mm diameter. The corresponding thickness were 4 micrometers, 10 micrometers and 18 micrometers respectively. The coil response were calculated at the geometric center of the Mallinson coil configuration [7] and were normalized to the response from a point dipole of the same moment as the disks and same gap setting. The response was calculated for various gap spacings (distance between the detection coils) and is shown in fig. 1 If the coil response were independent of the size of the sample, the curves in Fig. 1 would be straight lines with value 1 (same voltage from the sample as from a point dipole). This implies that the calibration of a VSM can be off by as much as 15% depending on the size of the sample and the gap setting. The decrease shown in figure 1 as the gap size approaches the diameter of the sample can be understood by the following argument. The highest density of magnetic surface charge will be at the poles of the sample (points nearest the applied magnetic field). As Mallinson [7] pointed out there is an optimal angle between the coils and sample. As the gap is closed on the sample, there is a gap that optimizes the signal level.
III. CONCLUSIONS
Large calibration errors can be introduced into a VSM measurement if the VSM is not calibrated with a standard that is the same size and shape of the sample to be measured. The current common procedure of calibrating a VSM with Ni spheres needs to be improved by developing new thin film standards.
